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@ Process for production of omega 9 type polyunsaturated fatty acid. 

(g) A process for production of omega 9 type Polyunsaturated fatty add or a lipW^^^ 

^ add, comprising the steps of culturing a microorganism having an abriity to produce om^a 9 type 

pdyijnsaturated fatty acid or a lipid containing saW fatty said, and recovenng the omega 9 type 

polyunsaturated fatty acid or the lipid containing said fatty add. 
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The present invention provides a process tor production of omega 9 type highly polyunsaturated fatty acid 
or a lipid containing said fatty acid. The fatty acid preferably contains at least two double bonds and preferably 
has 18 to 22 cart>on atoms. 

It is known that omega 9 type polyunsaturated fatty acids such as mead acid, eicosadienoic acid and the 
5 like are present as constituent fatty acids of tissues of an animal having essential fatty acid deficiency. However, 
since an amount of these fatty acids is very low, it is very difficult to isolate and purify them. Moreover, the 
presence of these fatty acids in the microbial field has never been known. Such type of polyunsaturated fatty 
acids can be a precursor of 3-series I eukotrienes, and therefore biological activities thereof are potentially use- 
ful. Therefore, it would be very useful to develop 
10 a process for developing a large amount of omega 9 type highly polyunsaturated fatty acids. 

Accordingly, the present aim is to provide a simple novel process for production of omega 9 type polyun- 
saturated fatty acids. 

Specifically, the present invention provides a process for productton of omega 9 type polyunsaturated fatty 
acid comprising the steps of: 
15 culturing a microorganism having an ability to produce omega 9 type polyunsaturated fatty ackd to pro- 

duce omega 9 type polyunsaturated fatty acid or a lipid containing omega 9 type polyunsaturated fatty acid, 
and 

recovering the omega 9 type polyunsaturated fatty acid. 
The present invention also provides a process for production of a lipid containing omega 9 type polyunsa- 
20 turated fatty acid comprising the steps of: 

culturing a microorganism having an ability to produce onr>ega 9 type polyunsaturated fatty acid to pro- 
duce a lipid containing omega 9 type polyunsaturated fatty acid, and 

recovering the lipid containing omega 9 type polyunsaturated fatty acid. 
Further, the present inventors found that when a microorganism having an ability to produce omega 9 type 
25 polyunsaturated fatty acid is cultured in a medium supplemented with a precursor of omega 9 type polyunsa- 
turated fatty acid, for example, hydrocarbon, fatty acid, ester of fatty acid, salt of fatty acid, or an oil or fat con- 
taining said fatty acid, the productivity of omega 9 type polyunsaturated fatty acid is enhanced significantly. 

Accordingly, the present invention provides a process for production of omega 9 type polyunsaturated fatty 
acid comprising the steps of: 
30 culturing a microorganism having an ability to produce omega 9 type polyunsaturated fatty acid in a 

dium supplemented with a precursor for omega 9 type polyunsaturated fatty acid selected from the group con- 
sisting of hydrocartjon, fatty acid, ester of fatty acid, salt of fatty acid and oil or fat containing such fatty acid 
or adding the precursor for onnega 9 type polyunsaturated fatty acid to a medium in which said microorganism 
has been cultured and further culturing the microorganism to produce omega 9 type polyunsaturated fatty ackj 
35 or a lipid containing omega 9 type polyunsaturated fatty acid, and 
recovering the omega 9 type polyunsaturated fatty acid. 
The present invention further provides a process for production of a lipid containing omega 9 type poly- 
unsaturated fatty ackJ comprising the steps of: 

culturing a microorganism having an ability to produce omiega 9 type polyunsaturated fatty acid in a me- 
40 dium supplemented with a precursor for omega 9 type polyunsaturated fatty acid selected from the group con- 
sisting of hydrocarbon, fatty acid, ester of fatty acid, salt of fatty acid and oil or fat containing such fatty add, 
or adding the precursor for omega 9 type polyunsaturated fatty acid to a medium In which said microorganism 
has been cultured and further culturing the microorganism to produce a lipid containing omega 9 type polyun- 
saturated fatty acid, and 
45 recovering the lipid containing omega 9 type polyunsaturated fatty acid. 

According to a preferred aspect of the above-mentioned processes, the microorganism having an ability 
to produce omega 9 type polyunsaturated fatty acid has A5 desaturation activity and A6 desaturaiton activity, 
and has reduced or lost A12 desaturation activity. In another aspect of the present processes, the microor- 
ganism having an ability to produce omega 9 type polyunsaturated fatty acid has an ability to produce arach- 
50 idonic acid (ARA) and has reduced or kist A12 desaturation activity. 

DETAILED DESCRIPTION 

In the present invention any microorganisms having an ability to produce omega 9 type polyunsaturated 
55 fatty acid can be used. More particularly, microorganisms having A5 desaturation activity and A6 desaturation 
activity, and having reduced or lost A12 desaturation activity can be preferably used. Such microorganisms 
can be obtained, for example, by mutating a mrcroorganism having an ability to produce ARA to generate a 
mutant having reduced or lost A12 desaturation activity. Microorganisms having an ability to produce ARA in- 
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^us Mortierella . there are menttoned microorgansms ^^f 

L,.,i, ^«t« Mortierella exiqua . Mortierella hygrophila, Morferel^ . MEUja. and the 

i7^[i;f7resent invention, having an ability to produce ARAand hav.ng reduced or lost &12 desaturase 
actii W mly obtained by mutating the micoorganlsms having an ability to Prod"ce ARA. 

mutaaenesis irradiation of a microorganism with a mutagen, such as radiation (X-ray. neutron 

treated with mutegen can be vegetative cells such as myceliurn of spores. bP-3590) can be 

As a mutant belonging to the genus Mortierella . Mortierella glfima SAM 1861 (PERM BP 359Q) can 

""omega 9 type polyunsaturated fatty acids Include, for example. 6.9-octadecadieoic acid. 8.11-eicosadie- 
noio acid. 5.8.11-elcosatrienoic acid (mead acid). „ » nreviouslv cultured precultur 

For culturing a mutant used in the present Invention, spores. P^"™^.^^^ fr^^^lose. 

fic= hull., no. Mm « tl. *. «.pil.m.nl«l »«h w«» . .m~.nl o =» "J"* 7r^|„ 

added during culturing. the additive can be added once or more than one time, or continuously. The precursor 

" ""StrgttcuCn;rd"ntalnlngomega9typepolyunsaturatedfattyac.is^ 
,r,thersfaSdJ;umisused,omega9type polyunsaturated fatty acid is 

for example, described in the following. 
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After the culturing, the cultured cells are recovered by a conventional solid liquid separation rDeans, such 
as centrrfugation or filtering. The cells are thoroughly washed with water, and preferably dried. The drying can 
be carried out by lyophilization or air drying. The dried cells are extracted with an organic solvent, preferably 
in a nitrogen gas flow. As an organic solvent, ether such as ethyl ether, hexane, a lower alcohol such as me- 

5 thanol or ethanol, chlorofornn, dichloromethane, petroleunn ether, or the like can be used. Moreover, an alter- 
nating extraction with methanol and petroleum ether, or an extraction with one phase solvent of chlorofornv 
methanol-watercan be successfully used. The solvent is distilled off from the extract under a reduced pressure 
to obtain a lipid containing omega 9 type polyunsaturated fatty acid in a high concentration. 

Alternatively, wet cells can be extracted with a solvent miscible with water, such as methanol or ethanol, 

10 or a mixed solvent miscible with water, comprising said solvent and water and/or other solvent Other proce- 
dures are the sanrw as described above for dried cells. 

The lipid thus obtained contains omega 9 type polyunsaturated fatty acid as a component of the lipid such 
as fat Although omega 9 type polyunsaturated fatty acid can be directly isolated, preferably it is isolated as 
an ester with a lower alcohol, for example, as methyl 8,11-eicosadienate, methyl 6,9-octadecadiencate, methyl 

15 ester of mead acid and the like. The esterification accelerates the separation of the target fatty acid from other 
lipid components, and from other fatty acids produced during the culturing. such as palmitic acid, oleic ackl 
and linoleic acid (these fatty acids are also esterrf ied simultaneously with the esterif icatk}n of omega 9 type 
polyunsaturated fatty acid). For example, to obtain methyl ester of omega 9 type polyunsaturated fatty acid, 
the above-mentioned extract is treated with anhydrous methanol/HCf 5 to 10%, or BF^methanol 10 to 50% 

20 at room temperature for 1 to 24 hours. 

Methyl ester of omega 9 type polyunsaturated fatty acid is recovered preferably by extracting the above- 
n^ntioned treated solution with an organic solvent such as hexane, ether such as ethyl ether, ester such as 
ethyl acetate. Next the resulting extract is dried on, for example, anhydrous sodium sulfate, and the solvent 
is distilled off preferably under reduced pressure to obtain a mixture comprising fatty acid esters. This mixture 

25 contains, in addition to methyl ester of onr>ega 9 type polyunsaturated fatty acid, other fatty acid methyl esters, 
such as methyl palmitate, methyl stearate, methyl oleate and the like. To isolate methyl ester of omega 9 type 
highly polyunsaturated fatty acid from the mixture of these fatty acid methyl esters, column chromatography, 
low temperature crystallization, the urea-inclusion method, the Ik^uid/liquid countercurrent chromatography 
method, and the like can be used alone or in combinatk>n. 

30 To obtain omega 9 type polyunsaturated fatty acid from the methyl ester of onnega 9 type polyunsaturated 

fatty acid, the tatter is hydrolyzed with an alkali and freed omega 9 type polyunsaturated fatty acid is then ex- 
tracted with an organic solvent for example ether such as ethyl ether, ester such as ethyl acetate, or the like. 

Moreover, to recover onnega 9 type highly polyunsaturated fatty add without through methyl ester, the 
above-nr>entioned extracted lipid is subjected to an alkalysis (for example, with 5% sodium hydroxide at room 

35 temperature for 2 to 3 hours), and the alkal-hydrolysate is extracted and the omega 9 type polyunsaturated 
fatty acid is purified, according to a conventbnal procedure. 

Next, the present inventk)n is further explained by Examples. 

Example 1 

40 

2 mi of a medium (pH 6.0) containing 2% or 4% glucose and 1 % yeast extract was put Into a 10 ml Erlerv 
meyer flask, and autoclaved at 120°C for 20 minutes. Mortierella alpina mutant SAM 1B61 was added, and 
cultured on a reciprocating shaker (110 rpm) at 12'C, 20*0 or 28*C for 10 days. 

After culturing the cultured cells were recovered by filtration, thoroughly washed with water and dried by 

45 a centrifuge evaporation at 60**C for 2 hours. To the cells were added 2 ml methylene chloride and 2 ml anhy- 
drous methanol/hydrochloric acid (1 0%), and the mbcture was incubated at SCC for 3 hours to methyi-esterify 
fatty acids produced. The reaction mbcture was extracted twice with 4 ml n-hexane and 1 ml water and the cells 
rennained in the reaction mixture. The soh/ent was distilled off in a centrifuge evaporatton at 40°Cfor 1 hour. 
The fatty acid methyl ester preparation thus prepared was analyzed by gas chromatography. The result is 

50 shown in Table 1. 
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Example 2 

2.5 liters of a medium (pH 6.0) containing 2% glucose glucose and 1% yeast extract was put into a 5 liter 
jar fermentor, and sterilized at 120°C for 30 minutes. 40 mi of a preculture of Mortierella alpina mutant SAM 
5 1861 was added, and the culturing was carried out at a temperature of 20**C. 24^C or 28''C, at an aeration rate 
of 1 wm for 7 days. Glucose was added daily at an anrwunt of 1% per culture medium for 2 to 5 days of the 
culturing. After culturing, the cells were treated as described in Example 1 to esterify fatty acids produced, ex- 
cept that the procedures were carried out at a scale 500 times that of Example 1 . The resulting fatty acid methyl 
ester preparation was analyzed by gas chromatography. The result is shown in Table 2, 
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The fatty acid methyl ester mixture thus obtained was separated by high performance liquid chromatog- 
raphy using a reverse column (SCig) and acetonitrile/water (85 : 15) as an eluting agent to isolate 6,9-octade- 
cadienoic acid, 8,11-eicosadienoicacid, and 5,8,11 -eicosatrienic acid (mead acid). The structures of these fatty 
acids were confirmed by Mass spectrum and NMR analysis. 

5 

Example 3 

A medium (pH 6.0) containing 2% glucose, 1% yeast extract, and 0.5% precursor for omega 9 type poly- 
unsaturated fatty acid shown in Table 3 was used as described in Example 1 . As a producer strain, Mortierella 
10 alpina mutant SAM 1861 was used. The result is shown in Table 3. 

Table 3 



IS 


Additives 




o)9PUFA* 


produced 


(g/1) 








18 


: 2 


20 


: 2 


20 


: 3 


20 


None additive 


0 


25 


0 


04 


0 . 


23 




Hexadecane 


0 


35 


0 


06 


0 . 


34 




Octadecane 


0 


41 


0 


06 


0. 


41 


25 


Palmitic acid 


0 


43 


0 


07 


0. 


44 




Stearic acid 


0 


51 


0 


07 


0. 


50 


30 


Oleic acid 


0 


62 


0 


11 


0. 


60 




Sodium palmitate 


0 


38 


0 


08 


0. 


38 




Sodium stearate 


0 


40 


0 


08 


0. 


40 


35 


Sodium oleate 


0 


53 


0 


09 


0. 


52 




Methyl Palmitate 


0 


48 


0 


10 


0. 


49 


40 


Methyl stearate 


0 


56 


0 


11 


0. 


55 




Methyl oleate 


0 


71 


0 


16 


0. 


70 




Ethyl oleate 


0 


72 


0 


15 


0, 


71 


45 


Palm oil 


0 


.49 


0 


08 


0, 


48 




Olive oil 


0 


.52 


0 


12 


0. 


50 


SO 


Coconut oil 


0 


.39 


0 


.07 


0. 


35 



*18 : 2; 6 , 9-Octadecadienoic acid 
20 : 2; 8 , 1 1-Eicosadienoic acid 

20 : 3; 5 , 8 , 11-Eicosatrienoic acid (mead acid) 
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Claims 



20 



1 A process for the production of orr^ega 9 type polyunsaturated fatty acid compnsing the steps of. 
culturing a microorganism having an ability to produce omega 9 type polyunsaturated fatty acid to 

produce omega 9 type polyunsaturated fatty acid or a lipid containing omega 9 type polyunsaturated fatty 
acid, and 

recovering the omega 9 type polyunsaturated fatty acid. 

2 Aprocess for the production of omega 9 type highly polyunsaturated fatty acid according to claim 1 . where- 
in the microorganism having an ability to produce omega 9 type highly polyunsaturated fatty acid <s a mi- 
croorganism having A5 desaturation activity and A6 desaturation activity, and having reduced or lost A12 
desaturase activity. 

3 A process for production of omega 9 type polyunsaturated fatty acid according to daim 1, wherein the 
microorganism having an ability to produce omega 9 type highly polyunsaturated fatty acid is a microor- 
ganism having an ability to produce arachidonic acid (ARA) and having reduced or lost A12 desaturase 
activity. 

4. A process for production of omega 9 type polyunsaturated fatty acid according to claim 1. wherein the 
microorganism having an ability to produce omega 9 type polyunsaturated fatty acid is a microorganism 
belonging to the genus Mortlerella . 

5. A process for the production of a lipid containing omega 9 type polyunsaturated fatty acid comprising the 

^^^^ ^culturing a microorganism having an ability to produce omega 9 type polyunsaturated fatty acid to 
25 produce a lipid containing omega 9 type polyunsaturated fatty acW, and 

recovering the lipid containing omega 9 type polyunsaturated fatty acid. 

6 A process for production of a lipid containing omega 9 type polyunsaturated fatty acid according to claim 
5 wherein the microorganism having an ability to produce omega 9 type polyunsaturated fatty acid is a 

30 rriicroorganism having A5 desaturation activity and A6 desaturation activity, and has reduced or lost A12 

desaturation activity. 

7 A process for production of a lipid containing omega 9 type polyunsaturated fatty acid according to claim 
5 wherein the microorganism having an ability to produce omega 9 type polyunsaturated fatty acid is a 

35 microorganism having an ability to produce arachidonic acid, and has reduced or lost A12 desaturation 

activity. 

8 A process for production of a lipid containing omega 9 type polyunsaturated fatty acid according to dalm 
5. wherein the microorganism having an ability to produce omega 9 type polyunsaturated fatty aad is a 

^ microorganism belonging to the genus Mortlerella . 

9 A process for produdion of omega 9 type polyunsaturated fatty add comprising the steps of: 

culturing a microorganism having an ability to produce omega 9 type pdyunsaturated fatty aad in 
a medium supplemented with a precursor for omega 9 type polyunsaturated fatty add selected from the 
grt)up consisting of hydrocart>on, fatty add, ester of fatty add, salt of fatty add and oil or fat containing 
^ such fatty acid, or adding the precursor for omega 9 type polyunsaturated fatty acid to a medium in which 

said microorganism has been cultured and further culturing the microorganism to produce omega 9 type 
polyunsaturated fatty acid or a lipid containing omega 9 type polyunsaturated fatty acid, and 
recovering the onr>ega 9 type polyunsaturated fatty add. 

^ 10 A process for the production of omega 9 type polyunsaturated fatty acid according to daim 9. wherein the 
' microorganism an ability to produce omega 9 type polyunsaturated fatty acki is a microorganism having 
A5 desaturation activity and A6 desaturation activity, and having reduced or lost A1 2 desaturation activity. 

11 A process for production of omega 9 type polyunsaturated fatty add according to daim 9. wherein the 
55 microorganism having an ability to produce omega 9 type polyunsaturated fatty acid is a microorganism 

having an ability to produce ARA. and having reduced or lost A12 desaturation activity. 
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12. A process for production of omega 9 type polyunsaturated fatty acid according to daim 9, wherein the 
microorganism having an ability to produce omega 9 type polyunsaturated fatty acid is a microorganism 
belonging to the genus Mortierella . 

13. A process for production of a lipid containing omega 9 type polyunsaturated fatty acid comprising the steps 
of. 

culturing a microorganism having an ability to produce omega 9 type polyunsaturated fatty actd in 
a medium supplemented with a precursor for omega 9 type polyunsaturated fatty add selected from the 
group consisting of hydrocartx^n, fatty acid, ester of fatty add, salt of fatty acid and oil or fat containing 
such fatty acid, or adding the precursor for omega 9 type polyunsaturated fatty acid to a medium in which 
said microorganism has been cultured and further culturing the microorganism to produce a lipid contain- 
ing omega 9 type polyunsaturated fatty acid, and 

recovering the lipid containing omega 9 type polyunsaturated fatty acid. 

14. A process for production of a lipid containing omega 9 type polyunsaturated fatty acid according to daim 
13, wherein the microorganism having an ability to produce onr>ega 9 type polyunsaturated fatty acid is a 
microorganism having A5 desaturation activity and A6 desaturation activity, and having reduced or lost 
A12 desaturation activity, and having reduced or lost A12 desaturation activity. 

15. A process for production of a lipid containing omega 9 type polyunsaturated fatty acid according to daim 
13, wherein the microorganism having an ability to produce omega 9 type polyunsaturated fatty acid is a 
microorganism having an ability to produce ARA, and having reduced or lost A12 desaturation activity. 

16. A process for production of omega 9 type polyunsaturated fatty acid according to daim 13, wherein the 
microorganism having an ability to produce omega 9 type polyunsaturated fatty add is a microorganism 
belonging to the genus Mortierella . 
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